Chronic exposure to arsenic (As) in food and water is a significant public health problem. Person-specific aggregate exposure is difficult to collect and modeling based on limited food As residue databases is of uncertain reliability. Two cross-sectional population exposure studies, the National Human Exposure Assessment Survey-Arizona and Arizona Border Survey, had a combined total of 252 subjects with diet, water, and urinary As data. Total As was measured in 24-h duplicate diet samples and modeled using 24-h diet diaries in conjunction with several published food surveys of As. Two-stage regression was used to assess the effects of dietary As on urinary total As (uAs): (1) generalized linear mixed models of uAs above versus below the limit of detection (LOD); and (2) restricted models limited to those subjects with uAs4LOD, using bootstrap sampling and mixed models adjusted for age, sex, body mass index, ethnicity, current smoking, and As intake from drinking and cooking water. In restricted models, measured and modeled estimates were significant predictors of uAs. Modeled dietary As based on Total Diet Study mean residues greatly underestimated the dietary intake. In households with tap water As r10 p.p.b., over 93% of total arsenic exposure was attributable to diet.
INTRODUCTION
Inorganic arsenic (As) is associated with numerous adverse health effects and is a known human carcinogen, even at relatively low exposure levels. [1] [2] [3] [4] Until recently, drinking water was considered the primary source of exposure. However, since high concentrations of As in drinking water tend to be localized, food is currently considered the only widespread source of exposure. [5] [6] [7] [8] In the United States, As is regulated in drinking water, but there are no regulatory standards for As in food. 9 As enters the food chain primarily through natural contamination of groundwater and is taken up by plant roots, though some contamination is a result of historic use of arsenical pesticides and supplements in animal feed. [10] [11] [12] According to results from the U.S. FDA Total Diet Study (TDS), approximately one-quarter of the commonly consumed foods in the United States contains measureable As. 13 Modeling ingestion exposure is inherently complex. Collection of duplicate food samples is the most accurate method for assessing dietary exposures because it involves direct measurement of contaminants in duplicate portions of the foods consumed.
14 These samples account for local and individual differences in agricultural practices, food processing and food preparation, including the local water used in cooking. However, because of the time and expense of collecting and analyzing food samples, especially in population studies, indirect methods of dietary assessment are often more expedient. Indirect methods generally utilize national databases of food consumption and residue concentrations to model contaminant exposure that may not represent individual, ethnic, or regional differences in diet and water intake and contaminant exposures. 15, 16 Urinary total As (uAs) measures organic, inorganic, and methylated products of As metabolism. It is the most consistently used biomarker of exposure 7 and is thought to reflect aggregate As exposure over the previous few days. 17, 18 Over 50% of ingested inorganic As is readily absorbed and metabolized within 3-4 days. 19 While some studies have found a high correlation between As concentration in urine and water, 20 others report only modest correlations and have suggested that the relation may be confounded by other sources of exposure, such as food. 4, 7 A small number of studies have specifically modeled the effects of dietary As on urinary As excretion, but most of these have focused on the consumption of specific food items. [21] [22] [23] [24] In the analyses presented here, we compare direct and indirect methods of modeling the relation of uAs to person-specific aggregate exposure measures, adjusted for confounders. Twenty-four-hour duplicate diet samples and diet diaries from the National Human Exposure Assessment Survey Arizona (NHEXAS-AZ) and the Arizona Border Survey (ABS) 15, [25] [26] [27] were used to compare measured and modeled dietary As intake. Diet diaries were compiled over the same period of time that the duplicate diet samples were collected, and then used to model ingestion of As from all foods and beverages consumed during the previous 24 h. Food items listed were matched to the following residue databases:
1. TDS, 1991-2005 mean total As residues. 28 2. TDS maximum total As residues. 28 3. Schoof et al. 29 mean total As concentrations in a market basket survey of foods that encompasses 90% of dietary inorganic As intake in the United States. 4. Schoof et al. 29 mean inorganic As concentrations.
Source-specific water As concentration and consumption were included in the estimates of the contribution of food, drinking water, and cooking water to total urinary As and to total exposure. We stratified our analyses by household tap water As concentration above versus below the current EPA standard of 10 p.p.b. and above versus below a more stringent threshold of 5 p.p.b. to assess the potential impact of dietary As under different water standards while accounting for water consumption by source.
METHODS

Study Populations
The NHEXAS-Arizona was conducted between 1995 and 1997. NHEXAS used a proportion-based sample of the total population in Arizona to evaluate multiple contaminant exposures via multiple pathways. [25] [26] [27] The methods used for sampling and analysis of metals have been described in detail by O'Rourke et al. 30 Diet and time-activity diaries were completed and duplicate food samples, water samples from multiple sources, urine, and other media were collected for 179 subjects.
From 1997 to 1998, the ABS was conducted in 25 census tracts along the Arizona-Mexico border to test whether exposures in the Arizona border population (80% Hispanic) were higher than in the rest of the state. ABS was also a probability-based exposure survey and the methods used were the same as those used in NHEXAS. In ABS, 86 households were targeted for intensive sampling. The two study populations were combined for the analyses presented in this paper.
Dietary Methods
Participants in NHEXAS and ABS completed a consumption checklist, organized by food category, of TDS-coded foods plus a few additional food items commonly consumed by Mexican-Americans along the border. 15 In addition, they kept a duplicate diary record of foods in the 24-h duplicate diet sample. Solid and liquid foods/beverages were composited in separate sample bags. The samples were sent on ice to the FDA, where they were assayed using inductively coupled plasma mass spectrometry (ICP-MS), which had a limit of detection (LOD) between 1.9 and 2.7 mg/kg.
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Diet diary data were sent to the Arizona Diet, Behavior and Quality of Life Assessment Lab at the Arizona Cancer Center for nutritional and As assessment. Total energy and nutrient intake was modeled based on the diet diaries using Nutrition Data System for Research software. 31 Dietary As intake was modeled from the ''Total Diet Study Statistics on Element Results'' which were based on the FDA 1991-2005 market basket surveys, 28 and from the Schoof et al. 29 market basket survey. TDS measured As using hydride generation atomic absorption spectrometry and Schoof et al. used ICP-MS. 29 The LOD for total As was 0.01 mg/kg (10 mg/kg) in TDS 32 and 3.6 ng/g (3.6 mg/kg) in the Schoof survey. LOD for inorganic As in Schoof was 2 mg/kg. 29 Additional details on these methods are presented elsewhere. 33 
Water As
As concentrations in household water from all sources used for drinking and food preparation (cooking) were analyzed using ICP-MS (EPA Method 200.8). 26 The minimum detection limit in water was 0.20 mg/l. 26, 30 As exposure via drinking water and water used for food preparation (generally tap water) were calculated separately, as the product of the concentration (mg/l) and the quantity consumed (l/day).
Urinary As
Urine samples were collected on the morning after completion of the duplicate diet sample and placed on ice for transport to the University of Arizona. uAs was analyzed using ICP-MS, with a minimum detection limit of 4.1 mg/l. 26, 30 Statistical Analysis Statistical analyses were performed using Stata version 11.2. Standard descriptive statistics were used to evaluate the frequency and distribution of all of the variables. Urinary, water, and dietary As values that were below their respective limits of detection were assigned a value of one-half the LOD for that medium. As 43% of values for uAs were below the LOD, uAs was either treated as a dichotomous variable (above versus below the LOD) or analyses were restricted to those subjects with uAs values4LOD. As values (food, water, and urine) were log (10) -transformed for statistical analyses and the means reported are geometric means (GMs). Differences between ethnic groups and study populations were assessed using w 2 , Kruskal-Wallis, and t-tests. Intraclass correlations between measured and modeled dietary As intake were estimated using maximum likelihood for variance components models; Fisher's z-test was used to compare the equality of the intraclass correlation coefficients.
The crude and adjusted relations between uAs and each of the dietary As variables were assessed using two-stage mixed models in which ''study population'' was included as a random effect to account for intracorrelation within the studies. Covariates in the models included drinkingand cooking-water As (log (10) -transformed), age, body mass index (BMI), sex, and indicator variables (yes/no) for Hispanic ethnicity, current smoking status, and seafood consumption in the previous 24 h.
The first stage of the regression modeling used a generalized linear mixed model to assess the effect of dietary As on uAs above versus below the LOD. The second-stage models were linear mixed models, restricted to subjects with uAs4LOD. These were run using bootstrap sampling techniques to obtain better estimates of the standard errors for the regression coefficients. Bootstrap sampling involved 500 simulations with replacement from the original data set, including observations both below and above the LOD. Likelihood ratio tests were used to compare models with and without covariates. To assess potential interaction, these same models were stratified by (1) Hispanic versus non-Hispanic ethnicity, and (2) tap water As concentration, above versus below 10 and 5 p.p.b. Sensitivity analysis was performed to evaluate the effects of consumption of seafood on the relation between dietary and uAs by assessing the crude and adjusted relations between seafood consumption and urinary excretion, and by excluding subjects who consumed seafood during the previous 24 h and re-running the two-stage models. A two-sided significance level of 0.05 was assumed for all analyses except for likelihood ratio tests in which Po0.10 was considered significant.
RESULTS
There were a total of 252 subjects in the combined study population who provided food, water, and urine samples for As analysis. Of these, a total of 251 participants (166 in NHEXAS and 85 in ABS) had both duplicate diet and uAs data, and 246 (163 in NHEXAS and 83 in ABS) had both diet diary and uAs data. The characteristics of Hispanics and non-Hispanics in the total population are shown in Table 1 . Overall, 46% of the population was Hispanic and 64% female. There were no differences between Hispanics and non-Hispanics in mean age, proportion of females, current smokers, or percent of subjects with uAsoLOD.
Mean As There were statistically significant differences in GM values for water and dietary As intake between Hispanics and non-Hispanics in the population (Table 2 ). Hispanics consumed significantly less drinking water than non-Hispanics (1.32 versus 1.64 l/day, respectively) and the As concentration of their drinking water was significantly lower (0.70 versus 1.35 mg/l, P ¼ 0.004). The quantity of water used for cooking was also significantly lower among Hispanics (0.34 as compared to 0.47 l/day among non-Hispanics), but there was no difference in the concentration of As in the cooking water or of As intake by ethnicity. Among both Hispanics and non-Hispanics in the total population, the As concentration of water used for food preparation and cooking was approximately four times higher than that used for drinking.
GM total As in 24-h duplicate diet samples was 16.12 mg/day. In contrast, mean total As exposure based on TDS mean, TDS maximum, and Schoof total mean residue data was 7.39, 46.66, and 57.02 mg/day, respectively, and all of these estimates were statistically significantly different from As measured in the duplicate diet samples. Measured dietary As was higher among Dietary arsenic and urinary arsenic excretion M Kurzius-Spencer et al Hispanics than non-Hispanics (P ¼ 0.047), but modeled estimates, based on residue data, were significantly lower.
The intraclass correlations between measured and modeled dietary As were relatively low. Duplicate diet As was modestly correlated with estimates based on TDS means (rho ¼ 0.203±0.061, P ¼ 0.001), but showed no correlation with estimates based on TDS maximum or Schoof total As. However, Schoof total As was very highly correlated with TDS maximum total As estimates (rho ¼ 0.863±0.016, Po0.001).
Relation of Dietary As to Urinary As Two-stage adjusted models of uAs in the total population are shown in Table 3 and represented in Figure 1 . In unrestricted models, a 10-fold increase in duplicate diet As was associated with 3.2 (1.45-7.14) times increased odds of uAs being above the LOD (P ¼ 0.004). Increased Schoof total and inorganic dietary As exposure were also associated with significantly increased odds of uAs4LOD (P ¼ 0.003 and 0.038, respectively). In the restricted analysis, log (10) duplicate diet, TDS mean, and TDS maximum dietary total As showed statistically significant linear relations with log (10) uAs in those subjects with uAs4LOD (all P-valueso0.009). Intake of inorganic As from food 29 was not a significant linear predictor of uAs in the restricted model, and inorganic As in either drinking or cooking water was not associated with uAs in any of the models. Age was a negative predictor of (log) uAs in the restricted models with dietary total As intake, but there was no confounding by any of the other covariates. Based on R 2 values, duplicate diet As accounted for approximately 12% of the total variance in the dependent variable (dichotomized uAs) in the stage 1 model, and 24% of the variance in the log (10) of uAs in the restricted, stage 2 model. Modeled estimates of dietary As (TDS and Schoof) explained o10% of the variance in both stage 1 and stage 2 models. Stratified Models Effect modification by Hispanic ethnicity was assessed using stratified models. In the first-stage models, there was significant association between dietary total As, both measured and modeled, and uAs among non-Hispanics, but dietary As was not a predictor of uAs among Hispanics. In the restricted linear models, measured duplicate diet As was a statistically significant predictor of uAs (Po0.001), regardless of stratification by ethnicity, but modeled estimates were not (not shown).
Models stratified by tap water As concentration above/below the U.S. EPA maximum contaminant level (MCL) of 10 p.p.b. and above/below 5 p.p.b. were also run to determine whether Dietary arsenic and urinary arsenic excretion M Kurzius-Spencer et al the effect of dietary As on urinary As excretion varied depending on the concentration of As in household tap water. There was a consistent and statistically significant relation between dietary As, modeled and measured, and uAs4LOD versus uAsrLOD, but only among subjects who had tap water As concentrations r5 or r10 p.p.b. (all Po0.05). In the restricted models, modeled dietary As was predictive of uAs only in households with tap water As concentrations r10 p.p.b., but the measured dietary As intake (duplicate diet) was linearly related to uAs concentration regardless of stratification by tap water As.
Sensitivity Analysis Several approaches were used to assess the potential confounding effects of seafood consumption on the relation between dietary and uAs. Only 34 subjects (13%) in the total study population reported eating seafood, and of them, 25 had concentrations of urinary As4LOD. Median values of dietary and uAs among seafood eaters fell in the upper 90th percentile of dietary As (measured and modeled) and 75th percentile of uAs of the total population. Table 3 . Two-stage regression analysis of measured and modeled dietary As intake and urinary total As (uAs) excretion in the combined population, adjusted for potential confounders: a (1) Stage 1, unrestricted linearized mixed models of uAs above versus below the limit of detection (LOD); (2) Stage 2, restricted linear mixed models using bootstrap sampling of log(10) uAs, restricted to subjects with uAs 4LOD. Figure 1 . Relation of measured and modeled dietary total As to urinary total As (log (10) -transformed): (a) duplicate diet total As, (b) Total Diet Study (TDS) mean total As, (c) TDS maximum total As, and (d) Schoof mean total As. The fitted line is restricted to subjects with urinary As above the limit of detection.
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In crude models, seafood consumption was a positive predictor of uAs (P ¼ 0.024 and 0.001, unrestricted and restricted models, respectively). When seafood consumption was added as a dichotomous covariate to the adjusted stage 1 models, it was not a significant confounder in the relation between measured or modeled dietary total As intake and uAs, but it was a significant confounder in the relation between dietary inorganic As intake and uAs (likelihood ratio test, P ¼ 0.052). In the adjusted stage 2 linear models restricted to subjects with urinary As4LOD, seafood consumption was a consistent confounder in all of the models (all Po0.03).
Stratified analyses were run on subjects who had not consumed seafood in the previous 24 h. Among subjects who had not consumed seafood, duplicate diet As was not a significant predictor of uAs in the stage 1 model (P ¼ 0.083), but both Schoof dietary total and inorganic As remained significant, regardless of stratification by seafood consumption (P ¼ 0.014 and 0.032, respectively). In the stratified stage 2 models, measured duplicate diet As remained a significant linear predictor of uAs among nonseafood eaters, but modeled estimates of dietary As were no longer significant.
Contribution of Food to Total Ingestion Exposure
Estimates of total and inorganic As intake, stratified by tap water As concentration, and the relative proportion ingested from food, drinking water, and cooking water are shown in Table 4 . These estimates include only subjects who did not report having eaten seafood in the previous 24 h. Mean total As exposure in households with tap water As r10 p.p.b. was 13.8 mg/day based on duplicate diet samples, and 48.5 mg/day based on Schoof residue data, with approximately 93-95% of total exposure from food. In households with tap water As 410 p.p.b., total As intake was 25.0 and 70.7 mg/day, based on duplicate diet and Schoof residues, respectively. In these homes, 60-74% of total intake was from food, and 26-39% was from water. Total inorganic As intake was 9.4 mg/day in subjects with tap water As below and 26.1 mg/ day in subjects with tap water As above 10 p.p.b. In subjects with tap water As below 10 p.p.b., 75% of the total inorganic As ingested was contributed by food, while in subjects with tap water As above the MCL food contributed just 30%.
DISCUSSION
Archived data on 251 participants in the ABS and the NHEXAS were used to evaluate different methods of estimating dietary As exposure and the contribution of dietary As to total intake and urinary As excretion. Our models explicitly reflect subject-specific data on intake of food, use of multiple sources of water for drinking and cooking, and concentrations of total As in urine, cooking and drinking water, and food samples. We found that dietary As intake, measured and modeled, is a significant predictor of uAs, regardless of whether household tap water As concentration was above or below the EPA maximum contaminant level (MCL) of 10 p.p.b. Duplicate diet As, however, explained a greater proportion of the variance in urinary As excretion than any of the modeled estimates of dietary As exposure, and neither drinking nor cooking water As exposure was significantly associated with uAs.
Most studies that have evaluated dietary As intake have used national databases to extrapolate average intake in the general population and subpopulations. 8, 13, 16 These indirect methods of estimating dietary intake have shown only modest correlation with duplicate diet residue data. 15, 16, 34 Limitations of these studies include inadequate accounting of regional, demographic, and person-specific differences in dietary 15 and water consumption patterns. 16 In our study, GM total As measured in duplicate diet samples was more than two times higher than the dietary total As intake estimated from TDS mean residue data (16 and 7 mg/day, respectively), and the difference between duplicate diet and TDS mean As among Hispanics was greater than three-fold. The low As exposure estimates based on TDS means may be attributable to the high LOD (0.40 mg/kg) for As in the TDS and/or the averaging in of zeroes for food values below the LOD. 32 In contrast, the dietary total As estimates based on TDS maximum and Schoof 29 residue data were two to three times higher than measured As in duplicate diet. These higher estimates reflect an emphasis on the maximum As level in foods 28 and specifically on foods with high As, 29 but were comparable to the dietary exposures reported by Tao and Bolger 13 (28-92 mg/day) and MacIntosh et al. 8 (40 mg/day in females and 46 mg/day in males).
Various researchers have used NHEXAS-AZ data to model potential dietary As exposure. In our study, the GM total dietary exposure was 0.239 mg/kg BW/day based on duplicate diet samples and 0.846 mg/kg BW/day based on Schoof residue data and the diet diaries. Moschandreas et al. 15 estimated an average As exposure of 0.65 mg/kg BW/day using Dietary Exposure Potential Modeling with NHEXAS duplicate diet data. Xue et al., 16 using Stochastic Human Exposure and Dose Simulation (SHEDS)-Dietary models on duplicate diet data from NHEXAS-AZ, estimated a mean (±SD) total As intake from food of 0.185± 0.3 mg/kg BW/day, 16 a markedly lower estimate than from either of the other studies. The contribution of dietary intake to total As exposure, based on measured duplicate diet and water samples, was over nine times greater than that of drinking water. Table 4 . Geometric mean (%) arsenic intake from food and water, mg/day, non-seafood-eaters only, stratified by tap water As concentration above versus below the maximum contaminant limit (MCL) of 10 p.p.b. Xue et al., 16 estimated total As exposure from food at 14 times that from water in the national population using SHEDS models.
Among subjects in our study who had household tap water As 4MCL and who did not consume seafood, over 60% of the total As ingested was from food, as compared with over 93% among subjects with water As rMCL. This same trend with high/ low drinking water As was observed in Bangladesh. There, in homes at the median or lower end of the distribution of drinking water As, the contribution from food was greater than that from water. 35, 36 These results suggest that regulation of water may reduce exposure, especially via water used for food preparation, but may not be sufficient for protection of public health, given the high proportion of As exposure that comes from food.
Lower water As and higher measured dietary As exposure among Hispanics as compared to non-Hispanics were observed in this study. Specific foods that are relatively high in inorganic As, such as rice, tortillas, and beans, may be preferentially eaten by Arizona Hispanics. The lower water As exposure among Hispanics appears to be a result of both consumption of smaller quantities of drinking water and low As content of the water sources used for drinking. Roberge et al. 37 reported a similar phenomenon in a binational study, in which they report that subjects in Mexico, as compared to those living in southern Arizona, consumed significantly less fluid.
Despite the low numbers of seafood eaters in this study, seafood consumption was associated with greatly increased dietary and uAs. While most of the As in seafood is organic and thought to be of low toxicity, 20-30% may be inorganic or methylated forms, 38 and would be expected to undergo metabolism in the liver. 38, 39 Other foods, too, are composed of various proportions of As forms. 23 Because our focus was total As intake and excretion, we chose to address seafood consumption in a sensitivity analysis. In that analysis, seafood was a confounder in the relationship between dietary and uAs. In future studies, analysis of As species in both duplicate food samples and in urine might enable segregation of the effects of ingestion of organic, inorganic, and methylated As forms in seafood and other foods on urinary excretion of As species.
Most (84%) of the subjects in NHEXAS/ABS were exposed to levels of As in tap water that were below the current MCL of 10 p.p.b., 60% were exposed to concentrations below 5 p.p.b., and only two subjects had concentrations greater than 50 p.p.b. Hence, it is not entirely surprising that As intake from cooking and drinking water did not predict urinary As. A number of studies have reported modest correlations between As in drinking water and total urinary As, but this relationship appears to be somewhat variable and other factors are undoubtedly involved. [40] [41] [42] There have been no studies, to our knowledge, that have compared measured and modeled dietary As intake in a general population and parsed the relation between As exposure from food and As exposure from water and urinary As excretion.
In NHEXAS-AZ and ABS, dietary inorganic As was not measured in duplicate diet samples. We found a relation between modeled dietary inorganic As and uAs in the stage 1 models predicting urinary As above versus below the LOD, but not in the linear models restricted to subjects with urinary As above the LOD. Exposure to inorganic As from drinking and cooking water constituted approximately 25% of the total exposure to inorganic As in households with tap water concentrations below the MCL, and almost 70% of the exposure in households with tap water As above the MCL.
Despite use of similar study designs and methods in both NHEXAS and ABS, there were differences in demographic characteristics and in the distribution of dietary, water, and urinary As between study populations. These differences could not be accounted for by discrepancies in data collection protocols, nor were they related to differences in consumption of seafood, ethnicity, sex, total caloric intake, body weight, BMI, or age. Mixed models were used to adjust for correlation within and discrepancies between study populations in dietary reporting.
There are many difficulties inherent to modeling ingestion exposure, including inaccurate dietary reporting. [43] [44] [45] [46] [47] While duplicate diet samples allow direct measurement of contaminants in food, its accuracy depends on subjects' willingness or ability to collect a replicate sample of each food and beverage consumed over the course of 24 h. 15 According to a study on these methods by Thomas et al. 14 laboratory-measured caloric content of duplicate diet samples was, on average, 16% lower than estimated energy expenditure and 12% lower than food diary records. In our study, food samples collected weighed on average half as much as reported for the same day in the food diaries. Forgetting, food insecurity, embarrassment in social situations, 14 or psychological issues related to ''throwing good food out,'' despite reimbursement, may have prevented subjects from collecting the normal amounts of food eaten. Although the measured As in the foods provided the best fit in models of urinary As, the total measured dietary exposure is likely to be an underestimate of the true exposure.
In the NHEXAS/ABS diet diaries, over 22% of subjects reported consumption of over 150% of expected energy intake, based on sex, age, weight, height, and sedentary lifestyle, and 19% reported consumption of less than 75% of energy requirements, based on sex and age-specific prediction equations, 48, 49 suggesting a high rate of misreporting. We compared models with and without adjustment of dietary As intake for implausible caloric intake and observed minimal effect on the fit of the models. Because of too many uncertainties regarding actual consumption and whether our correction for apparent extreme under-and over-reporting improved the accuracy of our estimated exposures, we chose to present the unadjusted estimates.
Another uncertainty in modeling dietary exposure is the scarcity of data on As residues in food. Recent studies have documented extensive variability in total and speciated As content of foods, even within brands. 11, 23, 50, 51 It is clear that global sources of food production and processing, as well as regional and/or individual differences in food preparation, are important sources of heterogeneity and need greater consideration for accurate determination of the As residue content of foods. In particular, As speciation of different types of foods and foods from different locales and better assessment of the variability of As concentrations would be invaluable for assessing the potential impact of specific foods on exposure.
To summarize, duplicate diet samples analyzed for As directly measure intake, assuming that all food items eaten are included in amounts that accurately reflected consumption and that sample preparation and laboratory methods are appropriate. Modeling of dietary exposure is presumed to be less accurate, but provides a less expensive correlative approach to estimating exposure. In this regional study, we found that the TDS mean residue results (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) appear to grossly underestimate dietary exposure, as compared with measured samples. In households with water As concentrations below the EPA maximum contaminant level of 10 p.p.b., over 93% of total As exposure was attributable to diet. Both measured and modeled dietary As were predictive of total urinary As excretion, but drinking and cooking water As were not, and Hispanics had higher exposure to As in food and lower exposure to As in water than non-Hispanics. Despite problems with reporting bias in both direct and indirect methods of dietary assessment and the accuracy of determining exposure from a residue database, both methods can be used to model uAs excretion. In this Arizona study, exposure to As in food is a better predictor of urinary As than exposure to As in water.
Dietary arsenic and urinary arsenic excretion M Kurzius-Spencer et al
